This study aimed at the reproductive endocrine profile under a natural photoperiod in Yangzhou female geese. Geese in the breeding industry were exposed to a natural photoperiod and the results showed the breeding season of Yangzhou geese initiated in autumn, reached peak in February and March, and terminated in June. Fifteen female geese were randomly selected for blood collection samples monthly. The results showed serum luteinizing hormone (LH) concentrations in female geese were higher in the breeding season than in the non-breeding season. The concentrations of Prolactin (PRL) were also high in the breeding season. Follicle-stimulating hormone (FSH) concentrations were high from March to May and decreased to low levels in other periods. Furthermore, 6 female birds were selected randomly monthly, sacrificed, and the hypothalamus and pituitary isolated. The expressions of FSH were also high in the breeding season, while the expressions of the gonadotropin-releasing hormone (GnRH) fluctuated. These results indicated that the reproductive hormones and their transcript expressions were closely related to the reproductive activities in Yangzhou geese.
INTRODUCTION
The Yangzhou goose is the first domestic species in China, and is famous for its rapid growth and egg production. As Shi et al. (2008) summarized, common domestic goose breeds are all seasonal breeders and they can be classified into 3 types regarding their breeding seasonality. The Yangzhou goose was representative of the type that was also long-day breeders while the breeding season was different from other long-day breeds, Embdon, Rhine and Landes. Seasonal reproduction of birds is the adaptation to achieve maximal survival (Sharp, 1996) , regulated by the endogenous circannual rhythm, which is synchronized by periodically changing environmental factors (Gwinner, 2003) . The photoperiod is thought to be the most important factor (Sharp, 1993; Dawson et al., 2001) , which affects the gonadotropin-releasing hormone (GnRH), gonadotrophins (luteinizing hormone, LH; follicle-stimulating hormone, FSH), and prolactin (Dittami et al., 1985) . These hormones affect the apoptosis of oocyte and follicular functions (Kuo et al., 2005) . Shi et al. (2007) researched secretion of hormones of the Magang geese, which are the short-day breeders. Pronounced seasonal fluctuations of FSH concen-C 2016 Poultry Science Association Inc. Received January 21, 2016. Accepted June 26, 2016. 1 Corresponding author: dkwzy@263.net trations had been observed in Barheadganders, with the annual peak taking place in spring, slightly in advance of the start of egg laying (Dittami et al., 1985) . However, the breeding seasonality of Yangzhou geese was different and seasonal fluctuations of hormone concentrations are almost lacking in Yangzhou geese.
It is well known that the hypothalamic-pituitarygonadal (HPG) axis regulates the reproductive activities (Padmanabhan et al., 2002) . The GnRH is synthesized in hypothalamic neurons, and the stimulation of GnRH neurons results in gonadotropin release and gonadal activation (Sharp and Blache, 2003) . Furthermore, the gonadotroph releases LH and FSH, and FSH promotes gonadal maturation and follicular selection in females (Johnson, 2000) . Yen et al. (2006) confirmed the prolactin was more highly expressed in pituitary glands of laying geese than in prelaying geese; Huang et al. (2008) concluded the annual reproductive pattern of Magang geese was mediated via secretions of Prolactin (PRL) and LH. However, the distinct localization of FSH-producing cells in the pituitaries (Proudman et al., 1999) and the influence of the GnRH on FSH are unclear. The annual pattern of reproductive hormones of Yangzhou geese and the expressions of GnRH and FSH under a natural photoperiod is lacking, and we wonder the these information about Yangzhou geese and devote to studying the concentrations and expressions level of reproductive hormones of Yangzhou geese in a whole year. 
MATERIALS AND METHODS

Animals and Light Regimen
The experiment was one year in length (April 2011 to March 2012) and the Yangzhou geese were raised in the geese breeding industry (Changzhou, China) (Yan, et al. 2012) . The geese (20,000 with a female to male ratio of 5:1) were maintained under the same environmental conditions with natural lighting. These geese were raised in indoor houses (0.75/m 2 ) that were connected with runs. They were provided with food and water in accordance with the Institutional Animal Care and Use Committee guidelines (Yangzhou University, Yangzhou, China) ( Table 1 ). The laying rate was recorded monthly.
Samples Collection
Fifteen female geese were selected and blood samples (4 to 5 mL per sample) were collected monthly from 0900 to 1030 h. The blood sampling procedure followed the institutional animal care and use guidelines. The blood was drawn using a 5-mL syringe. After the needle was removed, the blood was kept for 3 to 4 h to make sure it clotted, then was centrifuged at 3,000 × g, 4
• C, for 10 minutes. The blood serum was collected and stored at −20
• C until analysis. Meanwhile, 6 female birds were selected randomly monthly, sacrificed, and the hypothalamus and pituitary isolated. Tissues were collected at the same time of d (between 09:00 and 10:30 a.m.). The geese were anesthetized with sodium pentobarbital with the dosage of 3.5 mg/100 g body weight. Collected tissues (hypothalamus and pituitary) were immediately frozen in liquid nitrogen and stored at −80
• C until analyzed.
Assay of Reproductive Hormones
FSH, LH, and PRL concentrations were measured in 100 μL aliquots of serum using Radioimmunoassay kits (Beijing Beifang Bioengineering Institute, Beijing, China) and a microplate reader (γ-adioimmunoassay counter GC-911, ZONKIA Co., Ltd, China) (Yan, et al. 2012) . The accuracy of the assay was 99.5%. The intraassay CV was 4.9%, whereas the interassay CV was 8.2%.
Quantitative Analysis of GnRH and FSH Expression
Total RNA was isolated by TRNzol and reverse transcribed using the Fast Quant RT Kit (catalog numbers DP405 and KR106, respectively; TIANGEN Biotech Co., LTD, Beijing, China). GnRH and FSH expression was detected by real-time PCR and the primers were designed against the coding region of the GnRH gene, FSH gene, and the glyceraldehyde-3-phosphate dehydrogenase gene (GAPDH) (Yu et al., 2016; Xu et al., 2013) (Table 2 ). PreMix (SYBR Green; catalog number FP204; TIANGEN Biotech Co., Ltd., Beijing, China) was used to detect the expression of GnRH and FSH. PCR reactions, 20 μL volume, consisted of 10 μL 2 × SuperReal Premix, 0.4 μL 50 × ROX Reference Dye, 0.6 μL of each primer, 1 μL cDNA, and 7.4 μL ddH2O. PCR was performed under the following conditions: cDNA was denatured at 95
• C for 15 min, followed by 40 cycles of 95
• C for 10 s and 60
• C for 32 seconds. Assays were repeated independently 3 times and experiments were carried out in the Yangzhou University Animal Science Department.
Statistical Analysis
Data of concentrations of FSH, LH, and PRL and the expressions of GnRH and FSH gene expressions were analyzed by one-way ANOVA using SPSS 13.0 (SPSS Inc., Chicago, IL). The data of FSH, LH, and PRL were normalized by transforming into logarithms. The significance of differences of gene expression among the different groups was evaluated by a least significant difference post hoc multiple comparisons test. The significance level was set at P < 0.05. The 2 −ΔΔCT method was used to analyze relative GnRH and FSH expression across the different months (Livak and Schmittgen, 2001) . The average Ct value of 2 genes in tissues of the August were defined as 1.0, so that the relative expression levels of these genes in other tissues could be quantified. 
RESULTS
Reproductive Performance of Yangzhou Geese
The laying rate of birds illuminated with natural light throughout an entire year in the breeding industry is shown in Figure 1 . It was highest in February and then started decreasing. Furthermore, from July to October was the ceased period, in which the laying rate was close to none. However, the laying rate increased rapidly from November. This rhythm of oviposition is determined by the physiological characteristics of geese. The laying rate changed according to the photoperiod, which showed the seasonal breeding character sof geese.
Hormone Analysis
We measured FSH, LH, and PRL concentrations throughout the experiment period (monthly, Figure 2 ). The serum LH concentrations were initially high at around (0.46 ± 0.32 mIU/mL) at the beginning of the year in female geese, then the concentrations decreased at the end of March (Figure 2A) . From June to September, the concentrations stayed at a low level, which was less than 0.10 mIU/mL; the laying rate showed same trend in these periods. Then the concentrations started to increase gradually from October when the geese restarted oviposition.
In female geese, the FSH concentration increased from base levels of below 0.10 IU/mL in March and formed a peak of greater than 0.70 IU/mL in April ( Figure 2B ), which was significantly higher (P < 0.001) than levels of other seasons of the year. Then the concentrations decreased at the end of August to range not significantly different from base levels in autumn and winter seasons (August-December), as the natural day length decreased and the laying rate of geese stayed at alow level.
The PRL concentrations of the geese remained at high levels from December to February, and reached a peak of (10.19 ± 4.65 uIU/mL) in January ( Figure 2C ), which was significantly higher (P < 0.05) than other months in the year. However, the concen- tration immediately fell to (4.33 ± 0.46 uIU/mL) in the following month. Then the concentrations decreased monthly, and stayed at low levels in autumn.
GnRH and FSH Expressions Analysis
We examined the rhythm of GnRH in the hypothalamus and FSH in the pituitary of female geese throughout the entire year to find out the influence of the photoperiod (Figures 3 and 4) . Although the GnRH expression fluctuated, examination of the hypothalamus of females revealed that GnRH expressions were relatively high throughout the year. In the pituitary, however, the expression of FSH showed a different rhythm. From July to September, the expressions of FSH were significantly lower (P < 0.05) and the laying rate of these months was also lower. However, the high expression of FSH in November may be induced by the expression of GnRH.
DISCUSSION
It is obvious that the breeding season of Yangzhou geese occurs between January to March, and July to October is the end of the breeding season. Gwinner (2003) suggested breeding seasonalities were attributed to adaptations to the environment conditions, which enabled geese to fully utilize the environment to achieve maximal reproductive performance and survival (Sharp, 1996; Farner and Follett, 1966) . Our results were in accordance with the finding of Shi et al. (2008) . When changed the photoperiod of Yangzhou geese in summer which period was non-laying period, the birds began laying eggs (unpublished production data). When an artificial photoperiod method was used to extend the breeding season of geese, death frequently occurred ). This suggests the cessation of laying in summer is a mechanism to protect the female, which may not be able to stand the heat stress.
It is well known that the GnRH in the hypothalamus regulates the secretion of LH and FSH, which, together with the PRL and other hormones, regulate the reproductive seasonality of long-and short-day breeders (Sharp, 1993; Sharp and Blache, 2003) . This study demonstrated the seasonal changes in FSH, LH, and PRL concentrations in blood associated with the seasonal reproductive changes in Yangzhou geese. Unlike in ganders, the seasonal fluctuations of hormone concentrations were almost lacking in female geese. The concentration of LH surged from October when the laying rate of Yangzhou geese initially increased, which followed the theory of Sharp and Blache (2003) . LH secretions were at low levels during summer (Péczely et al., 1985) . Hargitai et al. (1992) concluded the profile of LH was more complicated than that of FSH. In our study, the concentrations of FSH reached peak in April and stayed steady in other months; however, the concentrations of LH had several mounts.
It is well known that the photoperiod affects the pituitary secretions of gonadotrophins and prolactin (Péczely et al., 1985; Dittami et al., 1985) . The concentrations of PRL decreased to base low levels in autumn , as with the results of our finding. Huang et al. (2008) found that plasma PRL concentrations increased in non-breeding seasons in spring and summer of Magang geese; unlike Yangzhou geese, the concentrations stayed lower in non-breeding seasons. Sharp and Blache (2003) proposed that as breeding activities proceed, the secretions of PRL continue to increase. The breeding of Yangzhou geese began in November when the concentration of PRL increased. The fluctuations of PRL concentrations were in accordance with the laying rate, which indicated the PRL stimulated the reproduction of Yangzhou geese. Li et al. (2011) also found PRL played a stimulatory role in follicular development in hens.
Furthermore, this study also detected the expressions of GnRH and FSH in the hypothalamus and pituitary. Both sets of data illustrated the hormonal changes of female geese in the natural photoperiod, which was closely related to the reproduction. Hypothalamic GnRH is the physiological regulator of LH and FSH, which is important to reproduction (King and Millar, 1991) . The function of the GnRH on LH has had adequate research The GnRH stimulates LH release (plasma levels) and pituitary LHβ mRNA levels (Crim and Evans, 1979; Crim and Evans, 1980; Dufour et al., 1983; Counis et al., 1987; Dickey and Swanson, 1998) . However, Leska and Dusza (2007) concluded the influence of the GnRH on FSH secretion was not fully elucidated, Proudman et al. (1999) suggested FSH secretion may not be closely associated with GnRH stimulation. Our results of expressions of GnRH and FSH were hard to explain, such as in June, the GnRH had lower expression while the FSH was highest. This phenomenon maybe related to the ovarian follistatin and activin, which regulates the release of FSH (Dunn et al., 2003) . What we need to mention is that the expressions of FSH is not in accordance with the concentrations of FSH; we measured only the FSH gene in the pituitary while the concentrations were in the serum.
In conclusion, our study shows that the breeding season of Yangzhou geese in China initiates in autumn and reaches peak in February and March. The hormone analysis of Yangzhou geese throughout the year illustrates the concentrations of LH are higher in the breeding season than in the non-breeding season. Unlike LH, the concentrations of FSH have annual peak in late spring and early summer. Contrary to previous studies, the PRL played a stimulatory role in Yangzhou geese. The expressions of FSH are higher in the breeding season than in the non-breeding season, which indicates that the FSH gene is closely connected with the reproduction of Yangzhou geese; however, the expressions of GnRH fluctuate. This may be related to the GnRH neurons being overriden by the biological clock (Nicholls et al., 1983) .
